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Introduction
The vegetation of the Pacific States has changed profoundly during the past several thousand years, primarily in response to changes in climate. Within the past 250 to 300 years, however, human activity has been the major cause of change in vegetation across the landscape. In California, for example, annual grasses and forbs introduced by the Spanish in the mid-to-late 1700s replaced native perennial bunch grasses across millions of acres. Between 1848 and 1920, when the population of California increased from 15,000 to 4 million, many events occurred that affected landscape characteristics and directly or indirectly influenced forest vegetation. Such events include the gold rush, development of irrigated agriculture and attendant construction of reservoirs and canals, building of major cities, depletion of range by overgrazing of cattle and sheep, completion of transcontinental railroads, and the beginning of the real estate boom in the Los Angeles basin. In Oregon and Washington, similar activities occurred on a smaller scale and changed landscape features in the Puget Sound basin, the Willamette Valley, and the range lands east of the Cascade Range (Barbour and Major 1977 , Brubaker 1991 , Hansen 1946 , Schofield 1969 .
Around 1900, the establishment of forest reserves--later to become National Forests--and national parks temporarily slowed the rate of landscape change in many forested areas. The primary causes of change during that time were large forest fires and insect and disease epidemics. After World War II, increasing demand for forest products and other natural resources resulted in road building, timber harvesting, and other activities in vast areas of previously untouched forest. These events continue to change the landscape today. At lower elevations, a significant factor reshaping the landscape has been the parceling of ownership tracts, and the subsequent treatment of the land by the different owners ( fig. 1 ).
Timber harvesting and land ownership division have affected millions of acres of forest. Most of the area logged is still forest, either because new trees have replaced those that were cut, or enough trees remained after logging to constitute a forest stand. Although the total forest area was not greatly reduced, the character of the forested landscape changed dramatically. 
Old-growth Declined by Two-Thirds in Five Decades
Today's landscape in many areas is one of small patches of trees of different ages interspersed with recently logged areas. At lower elevations, forests are intermingled with farms, pastures, towns, and reservoirs. The forest patchwork is further fragmented by highways, railroads, canals, powerlines, pipelines, and an increase in "ex-urban" residential developments and single residences.
Before settlement, disturbances severe enough to destroy forest canopies occurred at widely spaced intervals and affected large areas. The result was extensive areas of homogeneous forests. At any given time, a relatively high proportion of these forests consisted of old trees. The range of forest conditions that early explorers and settlers saw--from denuded areas to old-growth--still exist. Today, however, a much smaller proportion of the forest is old-growth, and the old-growth stands generally are on small and scattered parcels. As the area of old growth has decreased, awareness of the value of old growth has intensified. Land and resource managers, scientists, educators, and members of the public are debating the old-growth "issue." Concerns about old growth include wildlife habitat, genetic reserves, timber supply, carbon sequestration, nutrient cycling, medicinal plants, climate change, and many more (Franklin and others 1981 , Haynes 1986 , Thomas 1979 .
Essential to those involved in old-growth policy questions is a sound information base. This publication presents the most current estimates of area of old-growth forests in California, Oregon, and Washington. This information includes both measured and estimated data provided by representatives from various land management organizations and statistics developed from resource data at the Pacific Northwest Research Station (Ohmann 1992) .
The amount of forest that existed before the arrival of Europeans, and how much of it was old growth are unknown. The first'systematic inventory of forests on the Pacific Coast was completed in the mid-1930s, after passage of the McSweeney-McNary Forest Research Act of 1928. In part, the act called for periodic surveys of the Nation's forests. Inventories conducted since 1930 indicate that the total area of productive forest in California, Oregon, and Washington has decreased from about 66 million to 63 million acres, or about 4.5 percent. The major causes of the decrease in forest area were construction of roads, reservoirs, powerlines, and clearing for urban expansion and agriculture (Bolsinger 1973 (Bolsinger , 1980 MacLean 1990; MacLean and others 1992; USDA Forest Service 1989) .
The earliest forest inventories in California, Oregon, and Washington, completed in 1933 to 1945, show a total area of 32.8 million acres of old-growth forest on productive forest land (table 1) . The current information shows old-growth forests now amount to about 10.3 million acres. Although, as explained below, there was no single objective or set of criteria for classifying old growth for either period, these estimates provide a basis for evaluating change in old-growth area (see "Old-Growth Definitions and Procedures," p. 7).
The current estimate of 10.3 million acres of old growth applies to a total area of 56.6 million acres of productive forest in California, Oregon, and Washington (table 1) . This is about 90 percent of the total reserved and unreserved productive forest area--63.1 million acres--in the three-state area (see 'q-erminology," p. 23)° The area of old growth on the remaining 10 percent--6.5 million acres of National Forests in the southern Cascades, the Sierra Nevada, and the southern California mountains--has not been determined. Old growth amounted to 49 percent of the total forest area in the early surveys, compared with 18 percent now, as shown in table 1. c Excludes 6.5 million acres of productive forest in National Forests in the southern Cascades, Sierra Nevada, and southern California where old growth has not been surveyed.
d Excludes an unknown acreage of old growth on the 6.5 million acres of productive forest in the southern Cascades, Sierra Nevada, and southern California where old growth has not been surveyed.
Characteristics of Old-growth Forests
The main focus of the old-growth debate has been on the Douglas-fir 1 and redwood forests within the maritime influence in northwestern California, western Oregon, and western Washington. The largest and most impressive of the Douglas-fir forests generally were below 2,000 feet in elevation on level benches and gently sloping hillsides. Most of the forest land at these lower elevations is in private ownership, and most of the privately owned old growth has been logged, usually by clearcutting. Some areas have been clearcut twice, and the land is now occupied by the third generation of forest since settlement.
Ownership of Old-growth Forests
Older second-growth stands on land logged or burned in the late 1800s to early 1900s are approaching old growth in size. Such large second-growth stands generally lack the characteristics of old growth, which are (1) storied canopy including different tree species in the lower levels ( fig. 2a ), (2) openings that allow light into the forest floor where dense vegetation thrives, (3) presence of snags, (4) coarse woody debris on the ground (fig. 2 , c and d), and (5) the absence of major stand-altering disturbance by humans (Franklin and others 1981, Marcot and others 1991) .
In western Oregon, a small acreage of low-elevation old-growth Douglas-fir forest exists on lands managed by the Bureau of Land Management. In addition, a few parcels of low-elevation old-growth Douglas-fir exist on private land within the redwood zone in coastal California, on Native American lands, and in parks ( fig. 2 ). Much of the remaining old-growth Douglas-fir forest is in National Forests in southern Oregon and northwestern California, on steep terrain.
The bulk of the old-growth forest in central and northern Oregon, Washington, and California outside the coastal redwood and Douglas-fir zone is on sites where Douglas-fir often is a minor component, especially in late seral stages of stand development. In Oregon and Washington, these old-growth forests consist of mixtures or pure stands of true firs (grand fir, noble fir, Pacific silver fir, and subalpine fir), western and mountain hemlocks, Engelmann spruce, western larch, western redcedar ( fig. 3 ), Alaska yellow-cedar, and several species of pine. In California, these old-growth forests outside the redwood zone consist of true fir (mostly white fir and California red fir) and mixed-conifer stands that are typically mixtures of true firs, Douglas-fir, sugar pine, ponderosa and Jeffrey pine, and incense-cedar ( fig. 4 ).
Some old-growth forests, especially in southern Oregon and California, contain evergreen hardwoods such as Pacific madrone, chinkapin, live oak, tanoak, and California laurel. Deciduous hardwoods such as bigleaf maple, Oregon white oak, and California black oak also occur in old-growth forests, especially at lower elevations (see fig. 2 ), and in the warmer forests of southern Oregon and California.
Most old-growth forests are in Federal ownership, as shown in table 2. Although different ownerships have used various definitions, most old growth on Federal and State lands consists of stands containing large old trees. Some of these stands contain multilayered canopies and other characteristics of old-growth as defined by Franklin and others (1981) and the Old-Growth Definition Task Group (1986). On private lands, most of the 1,423,000 acres classified as old growth consist of stands from which old trees have been removed. Mixed-conifer stands in California make up the bulk of these forests. They have been selectively logged one to several times over the past century, but they still contain three of the four major elements of the ecological definition of old-growth forest---mature or overmature trees, multilayered canopy with several age groups represented, and snags and coarse woody material on the ground (the old-growth element lacking in these stands is the absence of major stand-altering human activities). Ironically, in some stands, human activity has promoted the development of multilayered canopies and added to the coarse woody material on the ground. 
Classification of Old Growth in Early Surveys
Old Growth Definitions and Procedures
The early surveys were based mostly on mapping, which classified forests as either old growth or young growth by the size and character of dominant trees. For example, large young-growth Douglas-fir trees were described as "coarse-grained timber, yielding only a small percentage of the upper grades of lumber" (Andrews and Cowlin 1940) . Most other species were classified only as large or small and based strictly on bole diameter; "large" was referred to as old growth. An exception was old-growth ponderosa pine, which was defined as "large ponderosa pine, in which the predominating trees are the so-called yellow pine, about 22 inches d.b.h. [diameter at breast height] or more (about 150 or 200 years old and older), in which no material part of the stand has been cut" (Cowlin and others 1942) .
In this report, as in previous surveys, there is no single definition for old growth. Different forest owners and managers have used different definitions, and translating the several data sets into one with common criteria would be impossible. For some species and forest types, old-growth definitions have not been developed. In such cases, old-growth estimates were based on a simple stand-age or tree-size classification.
Occasionally, these estimates were the judgment of a land manager and were based on experience and a general definition. Procedures used by the various owners and land managers to classify old-growth area are discussed in the following section. Although the definitions differ from one ownership to another, they all have one thing in common--the presence of large, old trees.
National Forests
California--Old-growth areas have been estimated only for the following National Forests whose boundaries are totally or partially within the Klamath Province of the Douglas-fir region: Klamath, Mendocino, Shasta-Trinity, and Six Rivers. Local definitions of old growth were not available when the project began; for that reason the definitions in PNW-447 (Old-Growth Definition Task Group 1986) were used. Vegetation maps were developed from color aerial photographs taken in the 1970s with a scale of 1:15,840 (4 inches to the mile). These maps were updated to account for more recent timber harvesting and fires by using 1989 satellite imagery and orthophotographs. Ranger District personnel from each National Forest made the updates on 7.5-minute quadrangles, following detailed instructions provided in workshops.
The following procedures were used for the Douglas-fir-mixed evergreen and Sierra mixed-conifer types: photo interpretive techniques along with the definitions in PNW-447 were used to identify timber stands most likely to meet the old-growth criteria. Crown size and crown closure of live conifer trees in the overstory were used if they could be classified on aerial photographs; and standing dead or down trees were used in classification only if they could be identified on aerial photographs.
Crown size and closure were used to classify old-growth stands as follows:
1. If crown diameter of overstory conifers is greater than 24 feet for trees 21 inches in d.b.h, and larger, then three size classes were identified as old growth:
(a) Medium timber, with a size class of 4---crown diameters are 24 to 40 feet; (b) large timber, with a size class of 5---crown diameters are greater than 40 feet; and (c) multistoried timber, with a size class of 6---where the crown diameter of the top story is greater than 24 feet.
2. For singlestoried medium and large timber stands, the crown closure of overstory conifers must be at least 40 percent. For multistoried timber stands, the crown closure of the top story is at least 10 percent, and the crown closure of the understory exceeds 70 percent.
The above procedures do not meet all the Old-Growth Definition Task Group (1986) criteria, which in turn does not exactly fit conditions found locally. The most limiting factors are snags and down logs, and the different mix of tree species found in California. To address the problem, local definitions are being developed for 13 forest types in California. Experts from several organizations are working on this and expect to have definitions applicable for classifying old-growth forests in the entire State by 1994.
Oregon and Washlngtonmlnformation was compiled from current Forest plans. In general, old-growth stands were 250 years or older and relatively undisturbed (less than 10 percent affected by logging or other activity). A more detailed definition was applied where availability of data made it possible. The main criteria were as. follows:
1. Mature and overmature trees present in the overstory.
2. Stands have a multilayered canopy with trees of several age classes.
3. Snags and down logs or trees were present.
4. Human activities have not significantly altered the stand.
Old-growth stands were at least 10 acres or larger to be included in this summary (see Marcot and others 1991) .
National Parks
Bureau of Land Management
U.S. Fish and Wildlife Service
State Parks
State Forests
All stateswStands are generally 200 years or older (the actual age usually was not determined). Stands consist of multilayered canopies, show little or no sign of human disturbance, and have snags and down trees or logs present. Areas were compiled to the nearest 10 hectares (25 acres).
CalifornlaDArea of old growth was based on computerized maps produced by photointerpretive methods (Fox 1988) .
Oregon~tands 200 years and older were defined as old growth. In western Oregon, the area of old growth was estimated from a sample of 1-acre plots established on a grid across the landscape. In eastern Oregon, the area of old growth was estimated from a sample of 5-acre plots.
Washington--Although extensive areas of land are managed in California, Oregon, and Washington by the U.S. Fish and Wildlife Service, they are primarily nonforest-including prairies, marshes, and other wetlands. The small acreage of old-growth forest shown in the summary tables is found on Long Island in Willapa Bay, Pacific County, Washington. No definitions were given for this area.
California--The Department of Parks and Recreation supplied information for the State parks. In the North Coast area, the extent of old growth was based on computerized maps produced by photo-interpretive methods (Fox 1988 ). The minimum mapping unit was 40 acres; old growth was defined as forests containing standing trees predating the arrival of European civilization. These stands contained large redwood trees estimated to have diameters greater than 24 inches and covering at least 10 percent of the area. Old-growth areas not covered by Fox (1988) were determined by the Department of Parks and Recreation ecologists and foresters using aerial photographs and field checking. For the North Coast area, old-growth stands had at least 50-percent tree canopy cover of trees at least 100 years old. For the rest of the State, old-growth stands included forest stands that had been undisturbed over the past 100 years.
Oregon--Area of old growth was compiled for the first time for this publication and was determined by using property reports along with land manager's familiarity with the tracts. An attempt was made to use the definition from Franklin and others (1981) and the Old-Growth Definition Task Group (1986) in a general way. Many of the tracts, however, consist of young growth with a substantial number of residual oldgrowth trees.
Washington--Information was compiled by an experienced forester, familiar with the parks. Old-growth trees were 150 years old or older. Included were stands where old growth was the dominant forest characteristic. Excluded were 35,485 acres of forests with scattered old-growth trees. OregonDNo data were available for Oregon Department of Forestry lands, although there are some forest stands that would qualify structurally as old-growth stands but may not qualify by age.
California State Lands Commission
Private--Native American
Other Private
WashingtonmThe Department of Natural Resources defined old-growth stands as those containing trees at least 160 years old.
An estimate of old-growth area was not available for the State Lands Commission (SLC) in California. Old growth is known to exist in small amounts in scattered tracts, mainly in Butte and Mendocino Counties.
California--Old-growth stands contain four or more conifer trees per acre, at least 21 inches in diameter, and > 200 years old.
Oregon--Old-growth stands contain live trees 30 inches and larger in diameter. An assumption was made that these trees were 250 years or older.
Western WashlngtonmSummaries made available were classified as "preliminary data," based on timber inventory analysis. All densities of old growth were included. Old-growth stands have a minimum d.b.h, of 21 inches, regardless of age.
Eastern Washington--Old-growth stands contain at least 15 live trees per acre that are > 21 inches in diameter, and an average of one-half snag per acre (5 in 10 acres). The definition from Thomas (1979) was followed in these forests. Trees were 160 to 215 years old depending on forest type.
All estimates are based on a two-phase sample of aerial photo plots subsampled by field plots. In eastern Washington, field plots consist of 10 subplots distributed over 1 acre. In all other areas, field plots consist of five subplots distributed over an area of about 8 acres.
California--Even-aged stands 200 years and older and uneven-aged stands in whicl ~ the plurality of stocking is in trees 100 years and older are classified as old-growth. Most of the forests on private land shown as old growth in this report consist of residual stands selectively logged one or more times. Data were collected from 1981 to 1984.
Eastern Oregon--The definition for old growth was adapted from Thomas (1979) as follows: at least 15 trees per acre that are at least 21 inches in d.b.h, or more than 160 years old, with at least one-half snag per acre larger than 21 inches in d.b.h, and 6.6 feet tall. Note that quaking aspen, Iodgepole pine, and riparian hardwood types cannot be old growth. Data were collected from 1981 to 1984.
Eastern Washington--Stands of trees 200 years and older are classified as old growth. Data were collected in 1980. Diameter class--A classification of trees based on diameter outside bark measured at breast height (4-1/2 feet aboveground). The common abbreviation for "diameter at breast height" is d.b.h. With 2-inch diameter classes, the 6-inch class, for example, includes trees 5.0 through 6.9 inches d.b.h., inclusive.
Western Washington and western
Department of Natural ResourcesmA department within the State of Washington responsible for managing State-owned forest land.
HardwoodmA dicotyledonous tree that usually is broad-leaved. Hardwoods can be deciduous or evergreen.
National Forest (NF)--An ownership class of Federal lands, designated by Executive Order or statute as National Forests or purchase units, and other lands under the administration of the Forest Service including experimental areas and Bankhead-Jones Title III lands.
Native American--An ownership class that includes tribal lands held in fee by the Federal Government, but administered for Indian tribal groups and Indian trust allotments. National parks--Federal lands administered by the U.S. Department of the Interior, National Park Service.
Old growth--A classification of forest stands that describes an ecologically mature ecosystem. Where information is not available for ecological classification, age or size of dominant trees, or both, are used.
Private lands--Land owned by individuals or private corporations.
Productive forest land--In general, forest land capable of producing 20 cubic feet or more per acre per year of industrial wood. On some lands, especially wilderness and parks, this does not apply because the productive capacity has not been determined. Includes reserved and unreserved land.
Reserved--Land that is withdrawn from timber utilization by statute or administrative regulation.
Softwood--A coniferous tree, usually evergreen, having needles or scalelike leaves.
State forestsmForested land owned and managed by state governments.
State parks--Land that has been set aside by state governments, and withdrawn from forest management by statute, ordinance, or policy.
TimberlandmForest land capable of producing 20 cubic feet of volumeper acre per year of industrial wood and is unreserved (not withdrawn from timber utilization by statute or administrative regulation).
Unreserved land~Land that is not withdrawn from use by statute or administrative regulation. For example, in National Forests, unreserved land includes areas managed for timber production.
Names of Trees
